The HST snapshot imaging survey of 110 BL Lac objects has clearly shown that the host galaxies are massive and luminous ellipticals. The dispersion of the absolute magnitudes is sufficiently small, so that the measurement of the galaxy brightness becomes a valuable way of estimating their distance. This is illustrated constructing the Hubble diagram of the 64 resolved objects with known redshift. By means of this relationship we estimate the redshift of five resolved BL Lacs of the survey, which have no spectroscopic z. The adopted method allows us also to evaluate lower limits to the redshift for 13 objects of still unknown z, based on the lower limit on the host galaxy magnitude. This technique can be applied to any BL Lac object for which an estimate or a lower limit of the host galaxy magnitude is available. Finally we show that the distribution of the nuclear luminosity of all the BL Lacs of the survey, indicates that the objects for which both the redshift and the host galaxy are undetected, are among the most luminous, and possibly the most highly beamed.
Introduction
Contrary to the large majority of Active Galactic Nuclei (AGN), characterized by optical spectra with prominent emission lines, BL Lac objects have quasi featureless spectra. In fact by the definition of this class of AGN, the line equivalent widths should be very small. The effect of this weakness of the spectral features has the consequence to hamper in many cases the determination of the redshift, thus making the distance of the source difficult to assess. As originally proposed by Blandford & Rees (1978) , the weakness of the spectral lines is most probably due to the fact that the underlying non thermal continuum is exalted by the relativistic beaming of a jet pointing in the observer direction.
There are two possible strategies for deriving the distance (redshift) of BL Lacs. The first one is to improve the S/N ratio of the optical spectra, so that very weak spectral features may become detectable. At present some significant progress with respect to the existing data can be obtained through the use of 8m class telescopes (e.g. Heidt et al. 2004; Sbarufatti et al. 2005a,b; Sowards-Emmerd et al. 2005 ).
The second approach requires high quality imaging of the objects, with the scope of detecting the host galaxy. Using it as a standard candle one can obtain an albeit indirect estimate of the distance (e.g. Romanishin 1987; Falomo 1996; Falomo & Kotilainen 1999; Heidt et al. 1999; Nilsson et al. 2003) . For this approach one needs a combination of superb angular resolution and high efficiency, in order to detect and characterize the faint extended light of the galaxy from the bright nucleus. These conditions become mandatory at high redshifts, because of the dimming of the surface brightness, which scales as (1+z) 4 .
The first imaging studies of BL Lac hosts were carried out using ground based telescopes which produced a preliminary characterization of the properties of host galaxies for various datasets (e.g. Abraham et al. 1991; Falomo 1996; Wurtz et al. 1996; Falomo & Kotilainen 1999; Heidt et al. 1999; Nilsson et al. 2003) . These works have consistently shown that BL Lac hosts are virtually all massive ellipticals (average luminosity M R =-23.7 and effective radius R e ∼ 10 kpc, assuming H 0 =50 km s −1 Mpc −1 , Ω=0). A substantial progress in this area was achieved through the use of HST images, and in particular by the BL Lac snapshot survey, carried out with WFPC2. This produced high quality homogeneous images for 110 objects (Falomo et al. 1997; Urry et al. 1999; Scarpa et al. 2000a,b; Urry et al. 2000; Falomo et al. 2000; O'Dowd & Urry 2005) .
In this paper we reconsider the results of the HST snapshot survey, with the aim of fully exploiting the information relevant for the determination of the distance of BL Lacs. The starting point is the analysis of the absolute magnitude distribution of the hosts. We show that since this distribution is relatively narrow one can indeed use the host luminosity as a standard candle to evaluate the redshift. This is used in particular to determine the redshift for objects the host galaxy of which is detected, but that still have featureless spectra. We then focus on the nuclei of the sources, and show that the unresolved objects with pure featureless spectra are likely the most luminous and possibly beamed objects of the class.
HST Images of BL Lacs
For this work we have considered the dataset of images obtained by the HST BL Lac survey discussed by Urry et al. (2000, in the following addressed as U00). It contains 110 objects imaged with HST+WFPC2 in the F702W filter. The U00 sample was selectted from seven flux limited BL Lac samples in literature (1Jy, PG, HEAO-A2, HEAO-A3, EMSS, Slew). It includes both high energy peaked (HBL) and low energy peaked (LBL) objects (see Padovani & Giommi 1995, for HBL and LBL definition) , covering a wide range of jet physics in BL Lacs. The surface brightness profile for each object was modeled with a combination of a point source (the nucleus component), and an extended emission (the host galaxy) represented by an elliptical (de Vaucouleurs law) or a disk component (exponential law). For all the sources where the host galaxy can be detected the radial brightness profile is consistent with the host being an elliptical. For the unresolved sources, U00 give a lower limit on the apparent magnitude of the underlying nebulosity.
In order to construct a more homogeneous and updated dataset of BL Lac host galaxies measurements we have introduced a number of revisions in the treatment of the results of U00, which are listed in the following:
1. For three objects 0145+138, 0446+449, 0525+713 there is no evidence of a nuclear component in the HST images. This makes the classification as BL Lac dubious, and therefore they are not considered here. The object 1320+084 has been excluded from the sample, since recent spectroscopy (Sbarufatti et al. 2005b ) has shown that the source is a broad line QSO at z=1.5. Our sample is then reduced to 106 objects; 2. For four objects new redshifts have been published in the last years: 0426-380, 1519-273 (Sbarufatti et al. 2005a), 0754+100; 1914 -194 (Carangelo et al. 2003 , and for one ( 0158+001) the redshift was revised (SDSS 1 );
3. The galactic extinction is now accounted for following Schlegel, Finkbeiner, & Davis (1998);  4. The K-correction for galaxy magnitudes is taken from Poggianti (1997);
5. The adopted cosmological parameters are: H 0 = 70 km s
6. In order to compare the luminosity of the hosts at different redshifts (and epochs) we have also included a correction for taking into account the passive evolution of the galaxies following Bressan et al. (1998) prescriptions. This correction, weighted on the redshift distribution, is ∼0.3 magnitudes. Table 1 reports the relevant parameters for the 106 objects. According to the spectra and imaging properties the objects in the sample can be divided in 4 groups:
A) Objects for which the redshift is known from spectroscopy, and the host galaxy is detected (N= 64). All the sources with z≤0.2 belong to this class (see Falomo et al. 2000) ; B) Objects for which the host galaxy has been detected but with unknown redshift (N= 5); C) Objects of known redshift but for which the host galaxy has not been detected (N=24); D) Objects of unknown redshift and that have not been resolved by HST optical imaging (N= 13).
The redshift distribution of these groups is given in Fig. 1 . As expected the objects in group A are clustered at low redshift (z < 0.5) while those that are unresolved tend to be at z > 0.5.
Results

The Hubble diagram of the host galaxies of BL Lacs
The absolute magnitude of each host galaxy, modified for the effects of K and evolution correction (Poggianti 1997; Bressan et al. 1998 ) is reported in Table 1 . The distribution of the absolute magnitude (M R ) of the host galaxies for objects in group A is reported in Fig.  2 . This distribution is rather narrow and can be well approximated by a Gaussian with mean value <M R >=-22.8 and standard deviation σ M =0.5. Note that U00 reported <M R >=-23.7±0.6. The main difference is due to the difference in cosmological parameters (U00 used H 0 = 50 km s −1 Mpc −1 , Ω=0) and to the addition of the correction for the passive evolution of the galaxies. These variations also produce a smaller dispersion of the distribution (0.5 with respect to 0.6 given in U00).
In order to test how the host galaxy luminosity of BL Lacs can be used as a standard candle we have constructed the Hubble diagram. The relation between the apparent magnitude m R of the host galaxy and the redshift z is given by:
where M R is the host absolute magnitude, K(z) is the K-correction, E(z) is the evolution correction, d(z) is the luminosity distance. With the assumptions described above for the cosmology and the K and passive evolution corrections, the only remaining free parameter is the host magnitude M R . The best fit of the observed data yields M f it R =-22.9. The Hubble diagram (m R vs. z) for the BL Lac hosts together with the best fit is shown in Fig. 3 . It is noticeable that ∼ 70% of the points representing the resolved BL Lacs are encompassed within M f it R ±0.5 mag (i.e. -23.4<M R <-22.4). This Hubble diagram can be used to obtain a photometric redshift of the objects from the measurement of the host galaxy apparent magnitude, or a lower limit on z if only a lower limit on the magnitude is available. In the redshift range considered here (z 0.7) the Hubble diagram can be well represented by the following expression:
which approximates the Hubble diagram with a precision better than 1%.
To evaluate the capability of this method we compare in Fig. 4 the redshifts given by this photometric technique with the redshifts derived from the spectra in all cases where it is available. The comparison shows that, apart very few exceptions, the z estimated by the host galaxy luminosity is in very good agreement with the one obtained spectroscopically. The average difference of redshift between the two methods is:
The main conclusion of this analysis is therefore that, at least in the explored redshift range (z < 0.7), the measurement of the apparent magnitude of the host galaxy of a BL Lac source allows one to estimate its redshift with an average accuracy of 0.05. Because the U00 sample is unbiased as far as host galaxies are concerned, this technique can be of use any time that the R apparent magnitude of a BL Lac host galaxy is measured, or a lower limit is obtained. In particular, equation 2 gives a straightforward method to estimate the redshift in such cases. In the following sections we will use this technique to derive the redshift or a lower limit for the objects in groups B, C, and D.
Imaging redshifts
Group B (host galaxy detected, unknown spectroscopic redshift) Using the fit derived above for the Hubble diagram we can get a photometric estimate of the redshift for the 5 objects with host detected and no spectroscopic z available (see Table 1 ; group B). The redshift of these objects ranges from z = 0.26 to z =0.54. Combining the uncertainty deriving from equation (3) with the one corresponding to the host galaxy apparent magnitude (which is of the order of 0.1 mag), the error on the imaging redshifts turns out to be 0.1. From the estimated z, one can then obtain the nucleus luminosity. For the nucleus we adopted a K-correction following Wisotzki (2000) , under the hypothesis that its optical spectrum is described by a power law (F λ ∝ λ −α with α=0.7, see Falomo et al. 1994) . Results are reported in Table 1 .
Group C (redshift known, host undetected) From the HST images of these sources we have a lower limit on the magnitude of the host reported by U00 (see Table 1 ) and we know the redshift from the spectra. From these values we can obtain a lower limit on the absolute magnitude of the host galaxy. These limits are in most cases consistent (see Fig. 3 ) with the presence of a host galaxy less luminous than M R =-23.4 (i.e. M f it R -0.5). In no case the derived limit for the host luminosity is lower than M R =-21.9 (i.e. M f it R +1.0). Therefore the fact that the host galaxy has not been detected in these HST images is consistent with the capability of the observation and with a distribution of the host absolute magnitude as given in Fig. 2 . The non detection of the host in most cases is likely due to a high nuclear to host galaxy ratio (see section 4 and Fig. 6 ).
Group D (no host, no redshift: extreme BL Lacs) The remaining group of objects is that formed by the unresolved sources which exhibit a featureless spectrum. The redshift of these objects is thus far still unknown. The only information that can be derived from the images is therefore the brightness of the nucleus and an upper limit to the brightness of the surrounding nebulosity. Assuming that also these objects are hosted in a galaxy with M R =M f it R =-22.9 and from the lower limit of the magnitude of the surrounding nebulosity one can derive a lower limit to the redshift using the Hubble diagram (see Fig. 3 and Table  1 ). This lower limit to the redshift can then be used to derive a lower limit to the luminosity of the nucleus. The distribution of the absolute magnitude of the nuclei for all objects in the four groups is shown in Fig 5. It turns out that most of the sources in group D are more luminous than M R =-25 and fill the bright tail of the luminosity distribution. It is worth to note also that of the 13 objects in this group, 10 are HBL and only 3 are LBL, while in the whole sample there are 71 HBL and 35 LBL.
Discussion: nuclear luminosities and beaming.
We have shown that the detection of the host galaxy allows a photometric determination of the redshift for the 5 objects in group B. Since these objects are at 0.2< z <0.5 they are convenient targets for redshift measurement through spectroscopy. Direct estimates of the absolute nuclear magnitude are available for the objects with known spectroscopic redshift (group A and C). In addition, using the imaging redshifts we can add 5 more targets (group B objects) and 13 upper limits for the objects in group D. The redshift distribution of the whole sample is given in Fig. 1 .
The absolute nuclear magnitudes are summarized in Table 1 . The mean and median absolute magnitude for objects in the groups A+B+C are M R =-23.7 and M R =-23.6 respectively, while adding objects in group D the median is M R =-24.1. As already noted by U00 the distribution of the absolute magnitude of the host galaxies is much narrower than that of their nuclei (Fig. 5 ).
Since the objects in each individual sample used to produce the HST snapshot survey are selected on the basis of their radio and X-ray fluxes, it is expected that the entire dataset of objects suffers from the typical bias of the flux limited surveys. Nevertheless some interesting comments should be made. Our analysis of the redshift and the nuclear luminosity of the objects clearly shows that the extreme BL Lacs (objects with featureless spectra and unresolved; group D), are among the most luminous sources in the sample. Indeed 10 out of 13 objects are brighter than the brightest object in the group A (see Fig.  5a ). If one compares the luminosity distribution with that of z < 1.4 radio loud quasars (using homogeneous corrections for the magnitudes) used for the BL Lacs it is apparent that the bright tail of the BL Lacs distribution is consistent with that of normal radio loud quasars (see Fig 5b) .
Below the absolute magnitude M R =-25 there are basically two types of objects (groups C and D). Unless the latter are really significantly more luminous than the average of objects in group C (objects with emission lines) the different spectral properties could be related to different amount of beaming. If one assumes that the two types of objects have a similar Broad Line Region, the strength of the line should be related to the intrinsic ionizing flux. If blazars behave as normal quasars the line emission should depend on the unbeamed continuum (e.g. Pian et al. 2005 , and references therein). Under this hypothesis therefore we argue that in extreme BL Lacs the mechanism for emission line formation is less efficient because the intrinsic continuum source is smaller with respect to group C objects, but more strongly beamed.
This suggestion is made stronger by the consideration of the distribution of the objects in the plane m R vs. z (see Fig. 6 ). The curves represent the loci of a constant Nucleus/Host ratio (N/H), defined as the ratio of monochromatic R band luminosities in the object rest frame. All the resolved sources are in the region with N/H less than 10 while the large majority of objects in groups C and D are in the region between N/H=10 and N/H = 1000. Again in this context group D objects are clearly the most extreme, implying high N/H ratios (sometimes in excess of N/H=100). It is also noticeable that group D objects are mostly of the HBL type , while the majority of group C objects are of the LBL type. The inference is therefore that in the optical band HBLs are more beamed than LBLs.
Independent information on the amount of beaming can be derived from the broad band spectral energy distribution, assuming that the emitted continuum is basically the superposition of a synchrotron and an inverse Compton component (see e.g. Ghisellini et al. 1998) . Thus far these studies were limited to objects of known redshifts, which is irrelevant to our proposal that extreme BL Lacs are extremely beamed objects, but some extension to this class of sources may soon become available.
Conclusions
We have reanalyzed the host galaxies and nuclear properties of the BL Lac objects observed by HST snapshot imaging survey. The magnitudes of the objects in the dataset have been revised according to the treatment of the galactic extinction, the evolution and K-corrections. The concordant cosmological parameters have been used.
The main results and conclusions from this study are:
• The host galaxy absolute magnitude distribution is sufficiently narrow (gaussian distribution centered around M R =-22.9) that the host galaxy can be used as a standard candle to derive the photometric redshift of the objects. Therefore a determination of z (or a lower limit) can be simply derived from the measurement (or from the lower limit) of the host galaxy apparent magnitude.
• The determination of the redshift and the lower limits allow us to investigate the nuclear luminosity distributions for various type of objects. This suggests that the objects in the sample that are unresolved and characterized by a featureless spectrum are the most luminous and /or beamed nuclei of the class. These extreme BL Lacs could have a nucleus-to-host galaxy ratio of 100 to 1000.
This work was partially found by the Italian Space Agency (I/R/056/02) and the Italian Note. -(1) Object name; (2) Object type. H: HBL, L: LBL; (3) Object group. A: host galaxy detected, redshift known, B: host detected, redshift unknown, C: host not detected, redshift known, D: host not detected, redshift unknown; (4) Galactic extinction coefficient by Schlegel, Finkbeiner, & Davis (1998) ; (5) Redshift; (6) Host galaxy K-correction, by Poggianti (1997) ; (7) Nucleus K-correction, calculated assuming F λ ∝ λ −0.7 ; (8) Host galaxy evolution correction; (9) Nucleus apparent R magnitude; (10) Nucleus absolute R magnitude; (11) Host galaxy apparent R magnitude; (12) Host galaxy absolute R magnitude.
a Host galaxy absolute magnitude is assumed to be M R =M f it R =-22.9 in order to obtain a redshift estimate
